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(i) Real Party of Interest 

The real party of interest is BIO3 RESEARCH S.R.L. by Assignment 
Recorded March 7, 2007, at Reel 019057, Frame 0107. 
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(ii) Related Appeals and Interferences 

The appellants are not aware of any related appeals or interferences. 
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(iii) Status of Claims 

Claims 3 and 10 are finally rejected and are the subject of this appeal. 
Claims 1, 2, and 4-9 are cancelled. 
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(iv) Status of Amendments 

The amendments filed on September 29, 2009, have been entered. Claims 3 
and 10 identified in subparagraph (iii) are pending. 
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(v) Summary of Claimed Subject Matter 

Unless otherwise specified, all page and line numbers in this section are those of 
the current application. 

Independent claim 10 is directed to a method of treating oxidative stress resulting 
from hemodialysis in a patient undergoing hemodialysis consisting of subjecting 
said patient to hemodialysis and before, after or both before and after said 
hemodialysis treatment administering orally a dose of cysteine, cystine or a 
mixture thereof (see e.g., page i, lines 1-4, page 3, lines 11-13, 22-24). 

Claim 3 depends from claim 10. 

Claim 3 is directed to the method of claim 10 wherein the cystine and/or cysteine is 
administered in unit doses ranging from 200 to 1000 mg (see page 4, line 6). 
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(vi) Ground of Rejection to be Reviewed on Appeal 



Whether claims 3 and 10 are unpatentable under 35 USC 103(a) over 

Locatelli et al. Nephrology Dialysis Transplantation (2003) 18:1272-1280 in view of 

> 

Droge et al. (US Patent 5,607,974)? 
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(vii) Argument 
A. Claim 10 

The examiner refers to two passages in Locatelli. Although these are not 
fully identified, they seem to be the following: 

Page 1272 - Conclusions paragraph: 

It is important to consider oxidative stress as a potentially important 
source of patient morbidity and mortality, although this knowledge is not 
yet immediately applicable in the clinical arena. Further well- 
designed, randomized controlled clinical trials with anti-oxidants (e.g. 
vitamin E, vitamin C, N-acetyl cysteine, L-arginine) are required to 
establish evidence based recommendations for clinical practice. (Emphasis 
added) 

Page 1274 right hand column. 

Therefore, the estimation of the anti-oxidant status of CRI patients 
comprises the measurement of the different compounds of the anti- 
oxidative system in plasma and cells. Despite the lack of standards and 
conflicting results, the determination of plasma levels of vitamin C and 
GSH-Px, and the erythrocyte content of SOD, GSH, GSH-Px and vitamin E 
has been applied successfully, revealing anti-oxidant deficiency in CRI. 

and lower down in the column: 

Haemodialysis (HD) may induce repetitive bouts of oxidative stress, 
primarily through membrane bio-incompatibility and endotoxin challenge. 



-9- 



While alterations in pro- and anti-oxidant capacity start in the early stages 
of CRI, they are most pronounced in patients on dialysis. Overall, however, 
there is some controversy as to whether the onset of regular dialysis 
improves or worsens oxidative stress. 

In addition to the passages referred to by the examiner, note should also be 
taken of the first paragraph in the section "Anti-oxidant defence systems" on page 
1274 which points out that anti-oxidant systems are present naturally and 
counteract free radicals. It points to Table 1 as setting out such systems. Neither 
N-acetyl cysteine nor cysteine is mentioned. 

Since the paper is a consensus paper seeking to set out what is agreed upon 
in the field, these conclusions are important as they include agreement that 
oxidative stress appears to play a crucial role in pathogenesis in end stage renal 
disease (ESRD) including dialysis-related amyloidosis and includes the following as 
means for reducing oxidative stress: 

As oxidative stress and inflammation appear to be important in 
pathogenesis of CVD in ESRD patients, anti-oxidant treatment strategies 
could be beneficial. 

Although anti-oxidant therapy with vitamin E and C has not shown to 
reduce cardiovascular risk in the general population, the increased level of 
oxidative stress in CRI patients makes it an attractive approach; a recent 
study in dialysis patients points in this direction, but further well-designed 
clinical trials are recommended. 

The reduction in dialysis-induced mechanisms by biocompatible 
membranes and ultrapure dialysis fluids is desirable. 
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From these comments, it is clear that at the time of the paper, there was 
some thought that use of antioxidants, although not helpful in the general 
population, might be beneficial in patients with CRI as a result of oxidative stress 
that they suffer, but by no means clear that this was tied in any way to dialysis, 
where as noted above "there is some controversy as to whether the onset of regular 
dialysis improves or worsens oxidative stress" . This is, therefore, not a teaching to 
administer antioxidants of any type to patients specifically in combination with 
their hemodialysis treatment. Furthermore, apart from the suggestion that further 
information is necessary to establish a proper theory relating to oxidative stress in 
ESRD in general and that testing with N-acetyl cysteine might give results relevant 
to formulation of such a theory, apart from the cryptic reference to Tepel's work, 
there is no mention of either cysteine or N-acetyl cysteine anywhere in the 
document. 

It is submitted that Locatelli therefore does not contain any teaching to 
administer antioxidants in conjunction with hemodialysis. At most it suggests that 
this is a field for further study. 

Droge adds nothing relevant to this. It teaches that patients having a 
cysteine deficiency may beneficially be treated with a cysteine source that is 
capable of being transported across the cellular membrane and includes N-acetyl 
cysteine in the list of compounds that may act as this source. Cysteine itself is not 
listed. (See column 2 lines 30 - 35). The examiner comments that "a reasonable 
interpretation of Droge's teachings is that administration of cysteine is not 
excluded." It is respectfully submitted that this is not a reasonable interpretation 
of Droge. Where it is taught that the objective is to raise the levels of a compound 
in a cell and the list of compounds given as being capable of doing this excludes 
the compound itself, one has to believe that the exclusion was deliberate. As 
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pointed out in some detail in response to the previous action, cysteine and N- 
acetyl cysteine have different pharmacological properties (see Response to Office 
Action of October 29, 2009, and references). The examiner cannot therefore just 
assume that cysteine itself would be a suitable cysteine source for Droge's purposes 
when Droge himself does not say so. As pointed out previously, Droge is seeking 
to insert cysteine into liposome lumens so that it can result in an increase of the 
thiol level in blood plasma. Nothing in this suggests that cysteine itself should be 
used for this. 

This is confirmed by the fact that Locatelli suggests vitamin E, vitamin C, 
and L-arginine as suitable compounds for testing along with N-acetyl cysteine. 
Had he thought cysteine had the same properties it seems unlikely that he would 
have omitted it. N-acetyl cysteine is well known as an antioxidant. Although 
cysteine has antioxidant properties, there is no reason to think that it could be 
substituted for N-acetyl cysteine in any particular specific situation. A fortiori 
there is no reason to think that one skilled in the art would have thought that the 
anti-oxidant studies suggested by Locatelli should be carried out with cysteine in 
order to investigate the mechanism more fully and even if this were not the case, 
there is no reason to tie any treatment specifically to acts of hemodialysis. 

The examiner refers to the Akuri article for purpose of teaching 
N-acetylcysteine as a cysteine prodrug. This article, however, was not published 
until 2007, long after the claimed priority date of December 19, 2003 and so is not 
evidence of the state of the art at the relevant date. As pointed out in the 
Response to the Office Action of October 29, 2009, and supported by the 
references submitted with the response published closer to the relevant date than 
Akuri, K., Current Opinion in Pharmacology (2007) 7:1-5 ,those skilled in the art 
did not regard acetylcysteine administered orally as required by the present claims 
as a pro drug for cysteine. Furthermore, in the last paragraph of Akuri, it is stated 
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that N-acetylcysteine has been shown to work in some trials but not others. 
Therefore, the conclusion that must be reached is that the combination of 
references does not teach or suggest the invention of claim 10. 

Claim 10 is allowable over these references. 

B. Claim 3 

Claim 3 recites additional features to claim 10 and is believed to be 
patentable over the cited references for at least the same reasons. Based on the 
arguments presented above, claim 3 is also allowable. 
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Conclusion 

For the above reasons, appellants respectfully request that all rejections of 
record should be reversed. 




Respectfully submitted, 





LAT)AS & PARRY LLP 
1040 Avenue of the Americas 
New York, NY 10018-3738 
REG. NO.33778 (212)708-1935 
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(vii) Claims Appendix 

3. Method as claimed in claim 10 wherein the cystine and/or cysteine is 

administered in unit doses ranging from 200 to 1000 mg. 

10. A method of treating oxidative stress resulting from hemodialysis in 

a patient undergoing hemodialysis consisting of subjecting said patient to 
hemodialysis and before, after or both before and after said hemodialysis 
treatment administering orally a dose of cysteine, cystine or a mixture thereof. 
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(ix) Evidence Appendix 



Attached is a copy of the Amendment in Response to Official action of 
October 29, 2009, and copies of: 

Soldini, D. et al, Eur. J. Clin. Pharmacol (2005) 60:859-864; 

Parmentier, M. et al, Eur. Respir. J. (2000) 16:933-939; and 

Abstract of Wlokek, P. et al, Clinca Chimica Acta (2001) vol. 304, n. 1-2, 
9-18, filed on April 28, 2010. 
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PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Francesco SANTANGELO Art Unit.: 1614 

Serial No.: 10/583,334 Examiner: P.G. SPIVACK 

Filed: March 7, 2007 Confirmation No.: 9753 

For: USE OF CYSTEIN OR CYSTEINE FOR THE PREVENTION AND TREATMENT 
OF OXIDATIVE STRESS CAUSED BY HAEMODIALYSIS AND OF ACUTE OR 
CHRONIC KIDNEY DISEASES 

Commissioner for Patents 
P. O. Box 1450 
Alexandria, VA 22313-1450 

AMENDMENT IN RESPONSE TO OFFICIAL ACTION OF OCTOBER 29. 2009 

This is in reply to the official action of October 29, 2009. Please charge deposit account 
12-0245 the sum of $555.00 in respect of a three-month extension of term for response to the 
action. It is requested that the application be amended as follows. 

The listing of claims begins on page 2. 

The Remarks begins on page 3. 



I hereby certify that, on the date shown below, this correspondence is being: 

MAILING 

D deposited with the United States Postal Service in an envelope addressed to the Assistant Commissioner for Patents, 

Washington, D.C. 20231. 

37 C.F.R. 1.8(a) 37 C.F.R. 1.10* 

D with sufficient postage as first class mail. D as "Express Mail Post Office to 

Addressee" 




The listing of claims presented below replaces all prior versions and listing of claims in 
the application. 
Listing of claims: 

1 . (Canceled) 

2. (Canceled) 

3. (Previously presented) Method as claimed in claim 10 wherein the cystine and/or 
cysteine is administered in unit doses ranging from 200 to 1000 mg. 

4. (Canceled) 

5 - 9 (Canceled) 

1 0 (previously presented) A method of treating oxidative stress resulting from 
hemodialysis in a patient undergoing hemodialysis consisting of subjecting said patient to 
hemodialysis and before, after or both before and after said hemodialysis treatment 
administering orally a dose of cysteine, cystine or a mixture thereof. 
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REMARKS 



The Applicant has advised that he has no further patents or applications that should be 
drawn to the examiner's attention beyond those already discussed. 

Turning now to the obviousness type double patenting rejection of claims 3 and 10 
over US 6,627,659, as noted by the examiner, this claims 

A method of decreasing the effect of oxidative stress in a patient, having renal disease 
undergoing chronic hemodialysis comprising administrating intravenously, during 
dialysis, N-acetylcysteine or a pharmaceutically acceptable salt thereof in an amount 
effective to decrease the effect of oxidative stress in said patient. 

The examiner notes that at page 5 of the present application it is stated that the 
applicant had "recently reviewed the therapeutic uses of cysteine pro-drugs such as N-acetyl 
cysteine ..." Reliance on this passage, however, is impermissible viewing of the present 
invention through the eyes of the inventor, not one of ordinary skill in the art. Nothing in the 
cited art points to acetylcysteine as being known as a prodrug for cysteine. As noted at page 3 
line 4 of the present application just prior to the filing of the present application, the inventor 
had published a review of the therapeutic uses of cysteine pro-drugs such as N-acetyl cysteine 
and other derivatives. One aim of the review was to report all the attempts to modify the 
chemical structure of cysteine in order to overcome the pharmacokinetic and metabolic limits 
of cysteine per se. In particular US Patent 6627659 has two important differences with respect 
to the present invention. The use of an intravenous route of administration is more expensive, 
less safe and more troublesome than oral administration as required by the present claims in 
cases where, as here, a long term infusion would be required to infuse a large volume of a 
dilute solution of N-acetyl cysteine against the positive pressure of blood flow. Moreover, N- 
acetylcysteine rather than cysteine itself was used, even though the latter is natural and 
cheaper. It is likely that this is because the inventors were looking to the properties of N- 
acetylcysteine itself to effect a direct pharmacological effect rather than looking at it as a 
prodrug for cysteine.. 
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In fact, those skilled in the art did not regard acteylcysteine administered orally as 
required by the present claims as a pro drug for cysteine. Submitted herewith is a paper by 
Soldini et al Eur J Clin. Phharmacol (2005) 60 859-864 which was submitted for publication 
between the priority date and filing date of the present application and so gives a good 
indication of thinking at the relevant time. This article shows that the authors regarded N- 
acetyl cysteine as acting in its own right not as a prodrug. A similar conclusion can be drawn 
from Parmentier et al Eur Resir J 2000 923 - 939, a copy of which is also enclosed. 

It is therefore submitted that there is no basis for concluding that it was obvious to 
replace the Nacteyl cysteine used in the invention claimed in US 6627659 by cysteine as 
claimed in claims 3 and 10 of the present application. 

Turning now to the rejection under 35 USC 103, this again relies on the assumption 
that what applies to N-acetyl cysteine would also apply to cysteine. As noted above, there is 
no rational basis for this. In essence Locatelli confirms what is set out in the introductory 
portion of the present application, namely that oxidative stress has been observed in patients 
suffering from kidney failure. The only reference to any cysteine derivative seems to be in 
the conclusions on the first page where it is suggested that tests with antioxidants need to be 
carried out to investigate the role of oxidative stress in patient morbidity and mortality. 
Antioxidants suggested for testing are vitamin E, vitamin C, N-acetyl cysteine and L-arginine. 
N-acetyl cysteine is well known as an antioxidant. Although cysteine has antioxidant 
properties, there is no reason to think that it could be substituted for N-acetyl cysteine in any 
particular specific situation. The fact that the alternatives suggested by Locatelli are vitamins 
E and C and L-arginine indicate that the authors of this paper did not see cysteine itself as a 
suitable material for its purpose. It is true that Droge mentions a number of cysteine 
derivatives (including N-acetyl cysteine) as possibly serving as " a cysteine source" because 
they are transportable across cell membranes. However, this does not means that cysteine and 
N-acetyl cysteine are interchangeable. Droge is seeking to insert cysteine into liposome 
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lumens so that it can result in an increase of the thiol level in blood plasma. Nothing in this 
suggests that cysteine itself should be used as set out in the present claims. 

A person skilled in nephrology would have not been motivated by Locatelli to use a 
different chemical entity (cysteine instead of NAC) [and a different administration route. The 
selection of NAC was of course intentional for exploiting the specific properties of NAC as 
such, not as a pro-drug.. Locatelli did not therefore consider NAC as a mere pro-drug of 
cysteine, as confirmed inter alia by the other papers submitted herewith. 

Droge does not provide a complementary teaching: Droge in fact always refers to a 
"cysteine source" rather than to "cysteine". The concrete data reported in the specification 
of Droge always refer to the oral administration of NAC (see column 5, lines 47, 52 and 
66. See also column 3, line 40). The definition of "cysteine source" is clearly referring to a 
derivative of cysteine, as reported on column 2, lines 29-36: "Thus, normally cysteine 
derivatives will be employed ... ". Droge does not even accordingly teach the oral 
administration of cysteine as such, but of a derivative thereof. 

Oral treatment with cysteine itself could not accordingly be derived from the 
combination of Locatelli and Droge. 

It should moreover be noted that a skilled in the art aware of the fact that cysteine is 
already naturally present in higher concentrations serum of patients undergoing hemodialysis 
(see enclosed abstract), would have no motivation to administer additional cysteine. 

It is therefore submitted that the requirements of 35 USC 103 have been complied 
with and that this application should be allowed. 

Respectfully submitted, 
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NEW YORK, NEW YORK 10023 

REG. NO. 31053 
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PHARMACOKINETICS AND DISPOSITION 



Davide Soldini • Hugo Zwahlen • Luca Gabutti 
Antonio Marzo • Claudio Marone 



Pharmacokinetics of yV-acetylcysteine following repeated intravenous 
infusion in haemodialysed patients 



Received: 13 May 2004/ Accepted: 23 September 2004 /Published 
© Springer- Verlag 2005 

Abstract Objective: //-acetylcysteine (NAC) is a muco- 
lytic agent with anti-oxidant properties. It might have 
potential positive effects in renal patients and, therefore, 
its pharmacokinetics and safety in haemodialysis was 
investigated. 

Methods: Twelve dialysis patients received 2 g NAC 
(10 ml NAC 20% solution i.v.) mixed with 500 ml saline 
during the first 3 h of the session for six dialysis sessions. 
A bolus of heparin was injected intravenously as 
LWH-heparin. In six patients, one session was repeated 
with NAC mixed with heparin and infused through the 
heparin pump. 

Results: Baseline NAC was on average 454 ng ml - ; its 
concentration increased to 9,253 ng ml -1 at the second 
infusion and attained a steady state between 
14,000 ng ml -1 and 17,000 ng ml" 1 at the fourth dose. 
We observed a C max of 53,458 ng ml -1 with a r max of 
3.0 h. Plasma clearance was 1.25 I h - ' and dialytic 
clearance 5.52 1 h -1 . No side effects were observed. 
Conclusion: In the case of repeated doses, the NAC 
pre-dose concentration after repeated infusion of 2 g of 
the drug during the first 3 h of a dialysis session reached 
the steady state at the fourth infusion, without further 



The study was conducted in accordance with the guidelines for 
Good Clinical Practice and all current Swiss laws concerning 
clinical research. The protocol was approved by the Ethics Com- 
mittee of the Canton Ticino, Switzerland. 
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accumulation. The dialytic clearance is effective, the 
total body clearance being reduced to 1.25 1 h . In 
.dialysis patients, 2 g NAC given intravenously over 3 h 
is a safe dosage, with no short-term side effects. 



Introduction 

Patients with end-stage renal insufficiency, on regular 
dialysis treatment, are prone to suffer from cardiovascular 
diseases and show a high mortality due to stroke and 
ischaemic heart disease [1]. Dialysis patients present 
various risk factors for atherosclerosis, such as hyperlip- 
idemia, hyperhomocysteinaemia, abnormalities of 
glucose and calcium metabolism, hypertension, hyperu- 
ricaemia and my togenic factors that can stimulate smooth 
muscle proliferation [1]. Polymorphonuclear cell-medi- 
ated oxidant injury is also an important mechanism of 
endothelial dysfunction in dialysed patients, which leads 
to adverse cardiovascular events [2-8j. 

Elevated oxidative stress has been related to increased 
cardiovascular risk in dialysis patients. In fact* oxidative 
stress in this population is higher in patients with 
cardiovascular diseases than in those without [9, 10]. 

Hypoalbuminaemia is the most powerful predictor of 
mortality in end-stage renal diseases, and it is mostly 
caused by decreased albumin synthesis [1 1]. As albumin 
concentration and synthesis are primarily determined by 
non-nutritional factors, a positive effect of AT-acetylcys- 
teine (NAC) on the albumin level in cachectic patients 
seems possible, probably through a change in the redox 
state [11]. 

iV-acetylcysteine is a mucolytic agent, which plays a 
primary role in the maintenance of adequate GSH 
(reduced form of glutathione) levels, contributing to the 
cellular protection against harmful agents [12, 13]. Being 
an anti-oxidant agent, NAC might be potentially useful 
in dialysis patients. A previous study by Tepel et al. [14] 
in chronic renal failure patients, who received 600 mg 
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BID of NAC orally for 24 months, reported of a de- 
crease in the achievement of primary end-points (cardiac 
events, ischaemic stroke, peripheral vascular disease) in 
comparison with patients on placebo, with no difference 
on cardiovascular or total mortality. As a pilot study, we 
wanted to investigate the pharmacokinetics and safety of 
a higher dose of NAC given in haemodialysed patients 
as an intravenous (i.v.) infusion with a dosing schedule 
of 2 g over 3 h during dialysis sessions, which will be 
considered for future clinical trials. 



Materials and methods 

Subjects 

During the first phase, we intended to recruit 12 
end-stage renal disease patients* who underwent chronic 
maintenance haemodialysis three times a week, for at 
least 6 months. They should not have been suffering 
from an uncontrolled arterial hypertension, not have 
been prone to hypotensive episodes nor have presented 
with clinically significant diseases as determined by his- 
tory, physical examination and laboratory tests. Patients, 
who participated in other trials within the previous 
3 months, were alcohol-, drug- or nicotine-addicted or 
were overweight (>15% of ideal body weight) were 
excluded. During the second phase, we intended to repeat 
the.pharmacokinetic study day in a subgroup of patients, 
with, a modified NAC administration modality. 

Dosing and sample collection 

Dialysis was performed three times per week with a 
session duration of 4 h. All patients were dialysed with a 
Fresenius 4008H haemodialysis machine using a Frese- 
nius F8 polysulfone 1.8-m 2 dialyser. Blood flow 
(250 ml min" 1 ) and dialysate flow (500 ml min -1 ) were 
kept constant. 

This study was conducted in two phases. The first 
phase considered 12 patients and lasted for six consec- 
utive dialysis sessions with NAC infusions, with all pre- 
dose samplings and a curve lasting 48 h after the last 
infusion (dialysis 6). The second phase was carried out 
on 6 of the 12 patients from phase one and concerned 
only one dialysis session with NAC infusion. 

This study was a clinical, open, one-way trial, with 
repeated individual doses every 2-3 days. After a run-in 
period of 1 week, a dialysis was performed without 
NAC infusion (dialysis 0), and blood was sampled at 
0 h. Then during the next dialysis, 2 g NAC (10 ml 
NAC 20% solution i.v.) mixed with 500 ml saline solu- 
tion was infused into the venous line (after the dialyser) 
during the first 3 h of. the session. A bolus of heparin, 
needed for anti-coagulation during haemodialysis, was 
given i.v. as LMW-heparin. The same infusion has been 
repeated during the successive five haemodialyses. 
During the infusion, blood pressure and heart rate were 



continuously monitored. Blood samples were collected 
during the last dialysis with NAC administration for the 
pharmacokinetic analysis of NAC (dialysis 6: at times 0, 
3, 3.5, 4, 6, 932, 24 and 48 h). Furthermore, the other 
days when NAC was administered (dialysis 1, 2, 3, 4, 5) 
blood samples were taken at time 0 (beginning of the 
infusion). During the last dialysis, blood samples for 
drug assay and haematoerit were taken at times 3.0, 3.5 
and 4.0 h simultaneously from the arterial and the 
venous lines. A follow-up sample was taken 26 days 
after the beginning of the study. 

After having excluded interactions between NAC and 
heparin in vitro, we modified the administration 
modality of NAC. The experiment was repeated in six 
patients as in dialysis 6 with 2 g NAC, and the required 
heparin mixed and dissolved into 30 ml saline and in- 
fused over a 3-h period through the heparin pump, 
which was already integrated into the dialysis machine 
prior the dialyser. 

Plasma concentrations were evaluated for total 
glutathione and total cysteine at dialysis 0, 1, 2, 6 pre- 
dose and at follow-up, and plasma concentration of 
blood urea nitrogen (BUN) at dialysis 0 pre-dose, at 
dialysis 1 pre-dose and 4 h, djalysis 2 pre-dose, dialysis 6 
pre-dose, at 3 h and 4 h and at follow-up. 

This protocol was approved by the ethics committee 
of the Canton Ticino, Switzerland. 



Bioassays 

/^-acetylcysteine was assayed in plasma by means of a 
high-performance liquid chromatography (HPLC) 
method with ultraviolet (UV) detection. The method 
involved the derivatisation of NAC with iV-(4-anilin- 
ophenyl) maleimide after reduction of the oxidized thiolic 
groups of NAC with dithiothreitol. A"-propionyl-L-cys- 
teine was used as internal standard. The chromatography 
was performed on a ODS reverse-phase column, and the 
effluent was monitored using UV detection at 290 nm. 
The method was validated over the concentration range 
50-1,000 ng ml"* 1 using 0.1 ml plasma. Both intra- and 
inter-assay precision and accuracy for quality control 
(QC) values at three concentration levels (900, 500, 
150 ng ml -1 ) proved to be within 5.0%. Specificity was 
good, since no interfering peaks from the matrix were 
detected. The limit of quantification was 50 ng ml -1 with 
coefficient of variation (CV) values of 1.4% and 8.9% in 
the intra- and inter-assay tests, respectively. 

Total glutathione and total cysteine were assayed in 
plasma using a fully validated HPLC method with 
fluorimetric detection. BUN was assayed in the hospital 
laboratory according to the operating routinary method. 



Pharmacokinetic analysis 

For each subject and each treatment, the following 
pharmacokinetic parameters were considered: 
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x (ng ml ') 



AUC 48 (ng ml- 1 h) 
Cl p (1 h- 1 ) 



Peak concentration (maximum 
plasma concentration) 
Time to peak plasma concen- 
tration 

Area under the curve 
Total plasma clearance 



All pharmacokinetic parameters were directly extrapo- 
lated (C max , f max ) or calculated (AUGts, Cl p ) from the 
individual concentration-time data using the program 
WinNonlin provided from Pharsight. The area under the 
concentration-time curve from the time of dosing to the 
last quantifiable concentration was calculated by mean 
of the linear trapezoidal rule. 



Dialytic clearance 

The dialysis clearance (C1 D ) of NAC was calculated 
using the arterio-venous difference method, according to 
the following formula: 



Cl D = e b (l-^HcO 



']) 



Statistics 

All pharmacokinetic parameters were summarized by 
treatment and were subjected to descriptive statistics, in 
order to have mean and standard deviation. Analysis of 
variance was carried out on In-transformed variables, 
using WinNonlin from Pharsight, 



Results 

In three chronic in-centre haemodialysis programs, 13 
patients (10 males and 3 females) gave informed consent 
to participation to the study. The first patient had to be 
replaced because after the first session he received a 
kidney transplant. The 12 patients who completed the 
study had a mean ( ± SD) age of 57 ± 9 years and weight 
of 78 ±8 kg. The patients' characteristics are listed in 
Table 1 . Of these patients, 6 gave their consent also for 
the second phase of the study. 

Pre-dose plasma concentrations of NAC are pre- 
sented in Fig. 1. Baseline NAC concentration on study 
day 0 was on average 454±193ng ml -1 (mean±SD). 
The pre-dose NAC concentration before the first 
administration was 1,937 (±2,212) ng ml -1 . This was 
caused by three patients who showed values markedly 
higher than the other patients. Pre-dose NAC concen- 
tration increased to 9,253 ±4,162 ng ml -1 at the second 
infusion (dialysis 2) and ranged on average from 14,000 
to 17,000 ng ml -1 in further pre-dose samples. The first 



where Q b equals blood flow, A^ ct haematocrit of arte- § 3000c 
rial-line blood, A p arterial-line plasma concentration § 
(before dialyser), V v venous-line plasma concentration 
(after dialyser) and 
blood. 
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Fig. 1 Baseline (dialysis 0), pre-dose and follow-up concentrations 
of iV-acetylcysteine after a 3-h infusion of 2.0 g of the drug in the 1 2 
subjects. Mean (thick line) and standard deviation (bars) are also 
given. 



Table 1 Demographic data and main concurrent illnesses of the enrolled patients 



Subject Sex Age Height Weight Main concurrent illnesses 

(years) (cm) (kg) 



1 


Male 


76 


173 


67.0 


2 a 


Male 


51 


172 


81.4 


3 a 


Female 


61 


167 


82.0 


4 a 


Male 


67 


173 


74.4 


5 a 


Male 


54 


162 


83.0 


6 


Female 


51 


174 


88.0 


7 


Male 


54 


176 


87.0 


8 


Male 


65 


167 


69.0 


9 


Female 


51 


170 


66.0 


10" 


Male 


46 


178 


78.0 


Il a 


Male 


48 


179 


83.0 


12 


Male 


55 


162 


81.0 



Hypertension, osteopathy, anaemia, peripheral arteriopathy 

Epilepsia, hypertension, anaemia, hypercoiesterolaemia 

Anaemia, hypertension 

Anaemia, hypertension 

Diabetes mellitus, anaemia, hypertension 

Hypertension, osteopathy, anaemia 

Hypertension, anaemia, diabetes insulin-dependent 

Megaloblastic anaemia 

Hypertension, anaemia, ischaemic cardiomyopathy 
Hypertension 

Anaemia, hypertension, osteopathy, peripheral arteriopathy 
Hypertensive cardiopathy, anaemia, osteopathy, 
gastritis, chronic obstructive bronchopathy 



"These patients participated also in the second phase of the trial 
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pre-dose concentration (day 0) was statistically different 
(P< 0.001) than all other pre-dose values. The steady 
state of pre-dose concentration was reached at the 
fourth dose of NAC. The blood concentration of NAC 
continuously decreased in the follow-up period, but it 
was still four times higher than baseline (2,129 versus 
454 ng ml -1 ) 14 days after the last dose. Concerning 
pharmacokinetics, we found a C max of 53,458 ± 12,998 
ng ml - ' with a ? max of 3.0 ±0.0 h and an AUC 48 of 
1,094,336 ±326,797 ng ml -1 h (Table 2). Plasma clear- 
ance of NAC was 1.25 I h -1 , which corresponds to 
0.019 1 h~' kg -1 . Dialytic clearance of NAC measured 
at times 3.0, 3.5 and 4.0 h after the start of the infusion 
at the dialysis 6 was on average 5.52 1 h -1 . 

In Fig. 2, we compare the pharmacokinetic results of 
the first and second phases of the study for the six 
patients who repeated the experience. We observe 
smaller C max and AUC 4g (about 50%) values during the 
second phase, but a higher Cl p and comparable CIq. 

The dialytic clearance of BUN, calculated from 
arterial/venous plasma concentration at 4 h at dialysis 6, 
was on average 8.9 1 h -1 and 8.7 1 h _1 during the first 
and second study phases, respectively. Plasma concen- 
tration of cysteine ranged on average 36-41 ug ml -1 in 
baseline, pre-dose and follow-up samples. Plasma 
concentration of glutathione ranged on average 1.45- 
1.56 ug ml -1 in baseline and in pre-dose samples and 



Table 2 Pharmacokinetic parameters of ^-acetylcysteine (ng ml -1 ) 
for the first study phase, after the sixth 3-h infusion of 2.0 g of the 
drug. C max peak plasma concentration, A UC area under the plasma 
concentration-time curve, Cl p plasma clearance, C/d dialytic 
clearance 



Patient 


Cmax 


'max 


AUC 48 , 


Clp 
(1 „"') 


C1 D 




(ng ml"') 


00 


(ng mr' h) 


(lh- 


1 


45,580 


3.0 


844,892 


1.72 


4.56 


2 


77,414 


3.0 


1,423,417 


0.78 


5.47 


3 


56,630 


3.0 


1,327,713 


1.03 


5.63 


4 


70,597 


3.0 


862,747 


1.16 


4.58 


5 


45,693 


3.0 


1,129,531 


1.01 


6.65 


6 


56,982 


3.0 


1,541,558 


0.51 


5.53 


7 


62,623 


3.0 


1,439,179 


0.62 


5.76 


8 


29,732 


3.0 


440,794 


4.02 


3.56 


9 


41,623 


3.0 


954,057 


1.08 


7.50 


10 


50,949 


3.0 


1,190,579 


0.75 


5.25 


11 


56,701 


3.0 


1,209,738 


0.75 


6.39 


12 


46,972 


3.0 


767,831 


1.58 


5.39 


Mean 


53,458 


3.0 


1,094,336 


1.25 


5.52 


SD 


12,998 


0.0 


326,797 


0.94 


1.03 



increased to 1.94 ug ml -1 and to 1.80 ug ml -1 during 
the follow-up period after the first and second study 
phases. Safety was good in all the cases. 



Discussion 

In the case of the repeated dose regimen, the pre-dose 
concentrations are an expression of accumulation and/ 
or steady-state achievement. Our study demonstrates 
that the pre-dose concentration after a repeated infusion 
of 2 g NAC during the first 3 h of a dialysis session at 
first increases and then reaches the steady state at the 
fourth infusion, without further accumulation (mean 
concentration between 14,000 ng ml -1 and 17,000 ng 
ml -1 ). The dialytic clearance is effective for both NAC 
and BUN, being most effective for the latter. The total 
body clearance of NAC was instead reduced to 
1.25 1 h -1 corresponding — for a mean body weight of 
65 kg — to 0.019 1 h~' kg -1 . In non-dialysed subjects, 
much higher total body clearances were measured 
(Holdiness [15] reported 0.11 I h _I kg -1 and Jones et al. 
[16] 0.10 1 h _1 kg -1 ). Dialytic clearance during the sec- 
ond phase was similar (5.66 1 h~' versus 5.27 1 h _l ). The 
difference between the dialytic and total clearance arises 
from the different measurement intervals (1 h for dia- 
lytic clearance and 48 h for total clearance with the 
dialysis operating only for 4 h). The concentration of 
NAC in fact continuously decreases during the follow- 
up period, but it was still four times higher than baseline 
14 days after the last dose. No side effects were ob- 
served, such that NAC 2 g infused i.v. for 3 h during 
dialysis can be considered well tolerated and safe within 
the limits of the small number of patients in the study. 
During the first phase, NAC was infused in a venous line 
separated from heparin, which was given i.v. as a bolus 
as LMW-heparin; during the second phase, NAC was 
mixed with heparin and then given through the heparin 
pump. The comparable results concerning pre-dose 
concentrations during both phases show that there are 



Fig. 2 Peak plasma concentration (C nlax ), area under the plasma 
concentration-time curve (AUC), plasma clearance (Cl p ) and 
dialytic clearance (Qd) in the six patients who were studied during 
both the first phase (heparin in bolus i.v. as LMW-heparin prior to 
and NAC infused after the dialyser- — grey bars) and the second 
phase of the study (heparin i.v. mixed with NAC given prior to the 
dialyser— white bars) 
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no important interactions between heparin and NAC 
and that the administration via the heparin pump is a 
suitable option. The comparison of dialytic clearance 
with plasma clearance indicates that NAC is effectively 
cleared from the body by the dialysis process. 

In the rare cases of patients with paracetamol poi- 
soning accompanied by renal insufficiency, the current 
therapeutic strategy with NAC is inappropriate and 
needs to be modified. While the first dose can be given 
unchanged as loading dose (150 mg kg -1 in 15 min), the 
second (50 mg kg in 4 h) and the third doses 
(100 mg kg - ' in 16 h) should be reduced by one-third 
since approximatively 70% of the total body clearance 
of NAC is non-renal [15]. In the case of haemodialysis, a 
supplement dose should be added at the end of the 
dialysis session. Considering a dialytic clearance of 
5.52 1 h" 1 and a volume of distribution of 0.40 1 kg -1 
[15], we obtained an elimination constant (k) of 
0.21 h-'. For a session of 4 h, the removed dose (also 
corresponding to the supplement dose) results 

1 - e- fa = 1 - e-<°- 21 >M = 57% 

of the given dose; in other words, about half of the 
amount of NAC given during dialysis has to be replaced. 

Regarding pharmacokinetics in both study phases, a 
statistical comparison is not possible since the modality 
of NAC administration was different; during the first, 
NAC was infused via the venous line, after the filter; 
whereas, during the second phase, NAC was given with 
heparin prior to the dialyser and, therefore, the drug 
underwent a "first-pass" effect. The distinct adminis- 
tration modality explains most of the differences in the 
pharmacokinetic results (smaller C max and AUC, higher 
Cl p and similar C1 D ). 

. These preliminary results are important because they 
could be useful for further studies in various clinical 
situations where NAC may play a role. In addition to 
the possibility of acting as an anti-oxidant with potential 
advantages in the albumin synthesis [11], which is an 
important prognostic factor in urae.mic patients, 
hydration associated to NAC is considered by some 
authors to be an efficacious manoeuvre for nephropro- 
tection when iodinated contrast agents are used [17]. 
However results on the role of NAC in this context are 
at the moment uncertain, because various trials have 
failed to confirm this finding [18, 19]. For instance, a 
recent meta-analysis reported a reduction of the inci- 
dence of acutely increased serum creatinine after 
administration of intravenous contrast, but this finding 
was of borderline statistical significance and the authors 
were concerned with the heterogeneity among trials [20]. 
It is also not clear whether NAC could reduce the length 
of hospital stay in patients receiving intravenous con- 
trast. For these reasons, a standard recommendation is 
premature, and new randomized trials on this topic are 
required. Nevertheless, a potential nephroprotective 
effect of NAC in patients with severe impairment of 
renal function undergoing radiographic examinations 



deserves a rigorous evaluation. It is true that uraemic 
patients, and especially dialysis patients, have only a 
small residual glomerular filtration, but even a protec- 
tion of the remaining function is suitable to maintain 
water balance, a crucial point in the life quality of 
dialysis patients. It is also plausible that NAC could play 
a role in the correction of renal anaemia, particularly in 
erythropoietin-resistant anaemia. A study protocol 
concerning a potential effect of NAC in anaemic dialysis 
patients was prepared, and the study was ready to start 
but it has been secondarily cancelled for reasons that are 
unclear [21], 

In conclusion, our results demonstrated that in dial- 
ysis patients 2 g of NAC given i.v. over 3 h is an 
acceptable dosage from the pharmacokinetic point of 
view, which in the short term did not produce side 
effects, at least in our small patient population. A steady 
state was reached on average after four dialysis sessions. 
A suitable administration modality is the heparin pump 
mixing NAC with the required heparin. 
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Regulation of lipaprGly&at^ release 
by .V-acetylcyste.ne in THP-1 ee|!s 

Mi Parrnentier, fc4. Mirant, I. Ranman. K. Donaldson, W. MacN^e, F. Antonicelli 



Regulation of hpopatysaccharide-mcdiaKd Inierleukia-lfi release b 
THP-1 itetti. ML ParmentSer, N- tiirml, I. Rahman. K. Donald 
Ahtonicetll <§ERS journals Ltd 2000, 
ABSTjBACR: -famwad? levels oMnflarwnatoty cytokines sfteh as laterieuKta pt>H 
and: tt^QCCHr1n,{Ke;feMn 

ccne expression is controlled by |rlj«ei^MBfa.etors >uch as nuclear factor-xB (NF- 
kB) which ciin <w activated by a number or stimuli InctudinR the oxidants prevent. It 
wai hy^lhcsLzcd (bar lipoputyiaccharldc (LFS)-Ujdaccd IL-lp" secretion may be 

refcase M^t^B^^^^^^^b^a^n^K^o^^i^tfc cctf line fj*ff-l) 

diffm»a.=«:tsa »»«* i«#*p&!«^fl*».is^a> 

LPS (Id ttf»-mL"7 inma^ !L4ft rdeMC at 24 B compared to control levtls 
(p<0;(H)i). HAG ^ rtdHJ aJtsc, ennan^d t;rS.indac^ H^-ip rdeaxe frtmTHP-1 ceils 

synthesis, Inhibited the NAC-mcdlated il>|p:teTeitt%;^ 

*38 binding was activated by VPS *n* N*C increased Biis LPS-mtdiattd effect. 

WeSteinitotsiia^ 

protSbj synthesis. 

WtK i*t» fndka* that Jifec&lH^stcuie modulates interietjkin-l J3 release: By 
increasing levels oi the homo- and hetorodimeric forms of nuclear faCtOr-sB. 
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Multiple wflatnmatciry events so* involved mtbe deve- 
lopment o£luns.fnjary, Part of this inflammatory response 
is the telcase of an anay of cytokines [1-3]- The regulaaop 
of these inflammatory cytokines in response to diverse 
stimuli is; cottteolfcd at tfie level of j|ene trajoseription. A 
crucial trariswiption factor that regulates the expression of 
several cytokines is nuclear factor-KBGNF-tcB). A NF-kB 
consensus site is present- in the promoter region of the 
intedeukih <TL)-10, IL-t?, 1L-8 and turoour necrosis factor 
fTNFJ genes [4]. Since: a laige range of iafkunaiatory 
genes are induced by activated: NF-kB, it has- heeo pro- 
posed that activation of this transcription factor plays « 
central role hr: SSffiiiBh^tot^ p^^esscf, aM';jjc&a$§Bi of 
IsfF-icB has been implicated irt ia> wide San^e of inflam- 
matory diseases such as asthnta and acquired imotunc 
deficiency syndronJB |5-7I. 

MF-kB is a member of we Ke! &toi!y of proteins, a; 
novel family of ubiquitous u^nscripdon factors sharing a: 
common structural motif for deo&vnbonudeic add (DNA) 
binding (4J; NF-teB ; fiistlidcntificd as anucIear&cWr 
that blsds the deearaerie ONA VHB&m S^GQGAO- 
TrrOC-3'. NF->cB is i cytosolic hcmjo-bctcrodjincr con- 
stsnrig of p65 and p50 saburut pnjteins, each having 
Specific affinity n*r difleitat dccsineric binding sites fitting 
the JkB motif |8i- Inactive !Nt-Kfi is iocaliged in the 
cytoplastji ducm binding of the inhioitory protein (IkBJ. A 
primary event in the activation of NF-teB is phosphoryla- 

" /specific KO 



kinases [9-1 1]. This allaws translocation of activated iNF- 
kB' frotn thc cytoplasoj to the nucleus. 

prorinflanwuatory cyipjdij.es are 
. However, the mechnnistti uf this 



The levels of mam 
increased in lung d: 
upiegulatKm is curreni 
cytokines such as IL- 
the -redox state of the 
piskept tufiier ti; 
is an importaut intraj 
of Iipopolysaccliaride 
[13. 141, Despite m' 
portancc of IL-ip in 
known about the rrf< 
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unknown. It has been shown that 
are transcripnonally regulated by 
U 112]. Constitutive expression of 
control in healthy tissues: and' this 
lary cytokine in the mediation 
ij-induced effects in the lung 
.prenl* reports re^rrHiig the in> 
.fr cytokine network, very little is 
;«cd)arr me^Haliisms governing its 
tstudy. the molecular regulation of 
. Whether this regulation is under 
articular, the effect of intracellular 
the compound ^V-acetyl- 
ijudant drug, Henee, this smdy 
the molecular mechanism of 
of IL-ljS by NAC in a human 
Wa&^Hagc cell line (THP- 1 ). 



Materials and methods 



Unless otherwise s| 
used in the pnejscnt i 
Chcnucal Co. {Pcwid 
<3beo (Paisley. 18%] 



all of mc bioehetnical reagents 
were purchased from Sigma 
UK) and cell culture media from 
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Ce// culture 
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THP-I cells were maintained in suspension in Roswcll 
Park Memorial institute (RPMI}-1640 medium containing 
10% foetal calf serum. For experiments, the cejls were 
plated in six-well culture dishes at a density of 1 x 10 
colls-mL''. Differentiation of TfiP-i monocytes into 
macrophages was by overnight incubation with phorbo! 
myristate acetate (PMA) at a coricenttation of 10 (tM. 
Di&erenuated cells adhered to the flask, whereas undiffer- 
entiated monocytic cells remained in suspension and were 
removed by washing with prosphate-buffcired saline 
(PBS, pH 7.4). Adherent macrophage-iike cells were 
incubated in serum-free RPMI-1640 medium; 

Cell treatment 

Cells were incubated in seru 
(control) or with LPS (10 fig-mL" 
(1, 5 and Id mM) and glntatl 
(GSHMEE; 5 mM) on EL-fP release from THP-1 cells 
w«re studied without Or with coincubation with LPS (10 
ug-rjiL-') tor 24 h. CyclohexMde (CHX) (1 ng-mL'')and 
6tkdaicacid(bA)(0.1 pM) were hittpouccd at 60 and 90 
miri ( ;rfespcctrvely, before addition of LPS (10 UgroL" 1 ) and 
the antioxidant NAC (5 mM). 

Preparation of nuclear extracts 

After LPS and NAC treatment for 24 h» the Medium 
overlying the cells was harvested for measurement of 
cyro&me secretion and replaced with ice-cold PBS. TflPfl 
cells were harvested by scraping, fdlldwed by eratrifu- 
gauon at 1 ,000 x g. Nuclear epctract* were prepared using 
the method of StaaX etal. [7]. 



on to a 1096 polyaeryla nidc gel and then transferred to 
nitrocellulose; After saturation in Blotto (5% dry milk 
powder and 0.05% Twe 31 20 in tris0»ydroxymethyl)ami- 
norriethane fTrisVbufFersd saline) for I h, the blot was 
probed with different ra shit antibodies dependent on the 
protein being analysed (anti-p50 and -p65 and anti-ItcB-« 
(sc-203; Santa €ru^^A secondary goat'anfrrabbit anti- 
body (Scottish AndbodyjProductioh Unit. Edinburgh. UK.) 
conjugated to horseradish peroxidase was added and gels 
sloped using c lemiluminescencc and autoradio- 



acid and reverse transcription 
) was isolated from THP-! cells 



graphy. 



). The effects of NAC 
lode monoethvi ester 



Isolation of ribonucleic 

Ribonucleic acid (Rl> A) 
using. TRIZ0L rcageaiffiBS: 
Total RNA was 



sever se' 
instnicupns 



The resultant compleroijntary oKA.(e©NA) 
il required 



transcribed according to the 
(8025SA; Life TedmOlogies). 
«- ***** ferSKi a% w4S stcrtd at 




polymerase 

Oligonucleotide pn 
lished sequence of hi 
[16] Thepnmcrs for 
by MWG Biotech (Mil 

the primer'-* used in 

wereas&Uows:: 1L- 
CTGAOCTCGC-3'; 

tcaccatgcaat; 

CAAClGGGAUC. . 
S^GTGTGAAAeAT? 



* ribonucleic acid 



izxs Were chosen using the pub- 
*n IL-ipcDNA [15] and fi-actin 
ljj and P-actih were synthesized 
A^^t^.^fea»ehetjs.of 
polymezase chain reaction (PGR) 
P sense: 5'-ATGGCAGAAGrAC- 
-2P antisense: 5 -TAAGTGACT- 
TG3"; fcqf&i mm. 5-CCAG- 
3r3'; and ran&cnle: ■ 

-~TGGGTGAtGi?% Tfe mmk 



EL'cimphoretic mobility shift assay and supershift assay ^^^.^^F 

BmcUogjTcacflons were establisheiLiri 20 pi using 1.5 or " 
3 ug (4 and 24h respectively) nuclear extract protein and 



0.25 mfi-rruV' polydeoxyinc 



buffer ipE^omega) pBrTeacfion, latbeibin 
nuclear extras were incubated with a y- 3 ^-adenpSuiC 
triphosphate end-labelled doublcrSfrandcd fifF-K0 consen- 
sus oligonucleotide (Proraega, Southampton, UK), pro- 
duced using T4 polynucleotide kinase* for 20 min at room 
temperature. Fox the supershift assays, the nuclear extracts 
were first incubated with the appropriate antibody (rabbit 
annhuman NF-kB p50 and p65, AHP 287 and All? 288 
(Serotec, Oxford, UK); 2 pJL) in a concentration of I 
ftg»mL"' for 3 hat4°C. Prcimmunc rabbit scrum was used 
as a control antibody. Samples were loaded and etectrc- 
phoresed through a 6% polyaciyloroide gel at a constant 
vdltagfcof 180; Gels were then dried and autoradiography 
was peftorrhed. 

Western blot analysis 

THP'l cells were lyscd in buffer containing 10 mM 
#-£-hydrmyeffiyftMpera^ add 
(HEPES; P H 7.8) I© rflM KCT, 2 mM MgClz, 0,1 |bM 
emylcncdiamme tetra-acetic acid (EDTA); 0.4 mMphenyl- 
methyl sulphonyl fluoride, 0.2 mM NaF, i mM sodhitn 
Orthovanadatc, 0.3 mg-mL" 1 lisupeptin and 10% N.onidet 
P-40. Protein (70 p.g) was loaded, 



dmcin bindine at 72°C, and a : 



PCR conditioas were 
cycles of: 60s aJSf4 ? e, 
final exfenstdn Wiut 1 
mih at 72°C. The i 
DNA fragment Vv»s 
were; visualized and 
uausillimuhator phofi 
bridge. UK). Levels o: 
WcrccxpreMcdfja: 



3R. conditions were 10 mm at 94' C 
>fi45 sat^C; 45 s at 52°C, 120 s 
ctension with 1 unjt of Taq DNA 
for t# mifl at 72'G. TOl ftaam 
10 min at 94'C followed by 35 
fiOsateO'C. and 60s at72°C and a 
I>NA polymerase for 5 
of the resuluag PCR-amplificd 
-ed by DNA sequencing. Bands 
ted using a white ultravtoM 
;otcr (Onrie Teclinblogies, Cam- 
IL-ip niRNA (801 base pairs (bp)) 
nceniage relative to the Mtcnsity of 
bp): 



Enzyme-linked immunosorbent assay for interleu/cin-Jp 

The enzymoihnked pununosorbent assay (FJ-ISA)was 
pefformed sgs: previodly described [17]. AH plates were 
read <m a. injf|^a|i reader l^rnatech; MiR. 5000, 
-Mi arWerwent ccsnputer?- 
assistcd analysis (AMy ZAP* Blosofi, Cambridge, UK). 
" "" "%smmde^^ 

SQO pg-mL"' IL-ip; Onfy mays: 
„ <c«p& viith a eaicstoed regressiun 
cocffjcfent dt >0i95 'dereused for further analysis. 
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Statistical analysis 

Data are expressed as mean±SEM. Data comparison 
was carried out using analysis of variance followed by 
(ho Tukey ywwr Aac test for tnultigroup comparisons, the 
software package Instat 2 (GraphPad; San Diego,. CA, 
USA) was used for this analysts^ A p-value of <0.05 was 
regarded as significant- 

Results 

Effects of Upopolysaccharide. N-acetyl-L-cys(cinv and 
glutathione monoethyl ester an inlerleukin^tfi release 
from WiP-J cells 

At a concentration of JtO jig-rnL' 1 , LPS caused a two- 
fold increase in IL-ip release after incubation for 24 h 
(fig. 1 ) bt» no change after 4 h (data not shown). In order 
to analyse the effect of antioxidant thiols on 11.-1(5 
release, THP-l cells were incubated with NAC for 24 h. 
NAC alone had tip effect on IL-ljJ release from THP-l 
cells (data not shown)- Coincubatton of NAC, at a 
concentration of 5 mM, with LPS increased secretion of 
UL-lp into the culture medium by 300% (fig. 1). Under 
these conditions, fL-10 mas still undetectable after 
incubation for * % suggesting that the 1L-10 release 
occurred at a later time point The effect of NAG onLPS- 
induced JLH& secretion was bimpdal and; ds^^cnen* 
dent. At a concentration of 1 mM, NAC did not enhance 
IL-rp secretion, whereas higher concentrations ($ and 10 
nM) produced the described effect. The increase in LPS- 
mediated E.-I f release observed with NAG was not 
reproduced using the thiol compound GSHMEE (fig. 1). 

Effect of cychheximide and okajdaic acid on N-acetyl- 
Ircysteine-induced interleukih-l$ release from THP-l 
cells 

In order to investigate the rnecitariisms by which NAC 
enharicea LPS-mediated fL-lp release^ cells were pre- 
treatod withCHX (1 ug.mL' 1 ) to prevent protein synthesis. 
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Fig. 1. - Ert'ects o»* lipopolysarechsri<l« (^PS), glutathione monotthyl 
esrer (CiSHMEE)«nd W»as«tyl-i.-eysteir«v{lM r 2) on inlerfcufcjfi-Jb (t£- 
1(5) release by "THP-l celtt. Gill* wtjc inctibatp<f in *a^;fr*e: medium 
aldnc (control) or with LPS (10 jig-mfc"'). LPS-sirmulated e*l!s wens 
coincuhaictl wiih or without NAC (1. 5w 10 mM) or GSHMEti(5 mM) 
lor 24° h. Il.-ip iieuumuUiiion in: iho mcdium wos riiebigrcd by enzyme- 
linked irriniunoisorbent »M«y, Data arc ^Sweated & mcansse* (nrj). 
♦**: jxn.OOl vw.w control. 




Fig ; 2. - Effectt of cyclohracimide 
w*^l-ircySteinE (NAC>induccd 



(CHX) or pkaaaic acid (OA) on 
inierleukui.lB (1HP) release by 



THP-l cell*. Cell* were" preSeiujSjt wifcout mi or *>* CHX (I tig- 
mt"') for 60 rflin (EES) pr OA (0.1 UM) for 90 iriin (S3), The cells wore 
then incubated hi »crunvfrccn^i<im ulonc (control; no prcireotmeiii) or 
witjN tip«^tyiirt^h»f(ifc^^Sj; tOltHj-IJiL"'^ j^S^nrol^^CBIlii were 
coincubatcd wid) or without NACjor GSHMEE (both 5 inM) for 24 h. 
IL-ltJ sasipiulabon in the medium was measured by cieyme-hnked 

m & bmi s sb tm-smt. "Pst* ^msscsti: ummstM (»*3i. ***■. 

IKO.OOI wjiocuatrol; **: p<0;0f tPSonty: ~"':p<0.001 versui 
EPS ority: p<O:ff01 MerHit LPS plus CSHMEF- 



Figure 2 shows that a 60-min CMX pre.trcatiiicttt had 
no efifcet on LPS^mediajcd lL-10 release. However, 
the effect of NAC on L|S-indgced lL-ljS release. w?s 
totally abolished by inhibiting protein synthesis. One effect 
of NAC is to increase intracellular glutathione levels 
[1 8, 19], Thus it was decked to mveshgate whether ihfc 
inbiljitory ertect of CHX Was due specifiMiy to intiibi- 
tibn of glutathione. Cells pretreated with CWX were 
incubated in tie presencefof the thibl-replenishing coWr 

rati'cin of 5 mM. Figure 2 
. no incrca&s in MUlg 
dng that NAC-riiidiieed 
t be restored by addition of 
is consistent with the 
oeffeCt on LPS-mcdtatcd 
1% Nefe it was EjeannSned; whotfter ihe 
NAC-mediated scdvation of IL-lf involved a phosphor- 
ylation step. Ptriia^bation with OA, a specific! inhibitor of 
-■cs 1 and 2A, tor ?0 min did not 
On LPS induced IL-ip release 
this result suggesls that the 
release is not through kinase 



pound GS1JEMEE at a eon 
shows that 
level was observed, 
increased IL-ljJ release < 
alone. This 




scrineAhreotiuie 
modify the effect of NA< 
from THP-1 celts (fig, 
effect of NAC on IL-1; 
activation. 



Effects oj 'tipopoiysa&jiqride, Mwcefyl-L-Gysieiffe ah 
interleukin-ify messenger ribonucleic ' acid expression 

f laving demonstrated that NAC enhances LPS-induccd 
IL-ip relcasei it Was sought to investigate this effect atthc 
mRNA level by senuqjoantttaUve PCR- IL-ip mRNA 
expression after 4 and 24 h was measured using p-actin 
mRNA as a control (fig. 3). IL-ip mRNA levels were 
increased by incubation] wim NAG, predominantly after 
4 h {250 and 125% increase: compared to untreated: and 
Ll'S-treatcd cells at 4 arid 24 h respectively). 
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Fig- 3. - Effects of HpopfllywctJuifWo (LPS) and A'-acctyK-cyjIeine (NAC) io inteikukin-ip (IL-lp) meaciigcr ribonucleic acid (RNA> (mKNA) 
cipX&Von in TUP- 1 (Sell?. Total SNA *»iijw1idcd from cells incubated in »erwm-(rec nwtfium «loni! (control CO) or with LPS (msw-rnt"'! With of 
witlwutNAC (JroM)for. ^ c,e)4; sndb,<L<) 2* It BNA wai«*ver»transOTb*d sm8 wecV Sat polymeric croira reaction anaiyto of U>) j3 mRNA is 
described in theltoht^ofrUNwdtec^Mtlreverse trtutscriptim sntAnafyfis of intari*uUn-l$ messenger ribonucleic acid by polymerase chain 
reaction sectio*?. e, 0 tfu»ep'<!a! oFH>i0 ; r4RNA levels (e, b) compmedwJOi ^cSa toto (c, d}^n¥&« wmcsajrili(e. Ditsjir* expressed is 

riiea»2:saf.(Bi3>. 1 Kb: S (1 Wldbam llKkfer); Ne# negative control, distilled water, HS-. nonsignificant. ": JK=0;0S: ":p<0;vl v&sUs control 



4 



Ztofe o/ nuclear fftctor-KB in the N-acetyt-t.-fysicinc- 
mediated regulation ofintcrleukm-lp expression 

In order to investigate the relationship between IL-lp 
release and NF-kB DNA-binding, theesffca of NAG and 
LPS' on the faanscriptton fector NF-kB was determined. 
The presence of LPS in die culture medium increases 
NF^kB DNA-pinding, Tbi* effect was oteerv-cd after 
incubation for 4 and 24 h. The presence of NAC enhanced 
tPS-induced NF-kB BNA-*inding (fig. 4). This xesult 
was verified using human Wood-deViyed macrophages 
(data not shown). Similar to THP-1 cells, NAC (5 rnM) 
treatment, increased NF-kB t>NA*inding by 166% 
compared to control. 



To further explore thfc associated signalling events 
involved kthe transcrifiticWt^ whether 
NAC-mcdtated activation of NF-kB involved a phosphor- 
ylation step, phospborylatiott of IkH ; being a key step in 
NF-kB activation, was examined. Using OA, an increase 
was observed in NF-kB; DNA-binding (fig. 4), which 
followed degradation of IkB («g. 5a-c), but produced no 
significant change in the NAC-mcdiatcd enhancement of 
Lr$-stirmilated activatiorij suggesting that a phosphoryl- 
ation step is not the target of NAC, 

The influence of C^-prsin^sat on NAG-^eiibanced 
NF-kB nuclear binding wis then assessed. Tjhe increase in 
NF-kB binding previously observed following treatment 
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Fig, 4. •- Nuclear ftc^r^.biraiqgiftr^^ 
- (ttScrme^ 



. The cell 

ne monoelhyi osier (GSHME 



ujiugS p^ of protein-front the 
Okadaic acid (0. 1 UM) for 90 ml: 

e*6s<si<ms. 



with NAC was lotally 
was inhibited (fig. 4). 



Effect of N-acelyl'L-cysteintt on p50 and p65 expression 

It was then deterjniaed which combination of the p50/ 
pt>5 proteins arc involved in the NAC effect on LiPS- 
induced NF-kB binding. A supershift assay (fife 6) 
revealed that both the p50 and p55 proteins are involved, 
forming the: homodimer p50rp5Q and the heterodimer 
p50/p65; In order to obtain more information as to how 
NAC potentiates the tPS-iinduccd NF-ic& binding, me 
effect of NAC on the expression of the proteins p5Q said 
pS5 wasranaiysed. Western blot analysis (fig. 5) indicated 
that both, p50 and p65 levels were increased in cells 
treated with; NAC, with no change in the expression of 
ItcB (fig. i% 

Discussion 

It has been: reported previously that LPS' activates the 
&$ter$(gi '<m ma. 3SsW vsjng * fwwwfce 

system [7.0]. In the present report, it is shown that human 
THP-I ceils differentiated to macrophages with PMA 
respond to a. low concentration of LPS (10 jig mL" 1 ) in the 
absence of scrum, leading to the. production of IL-lfi. A 
further aim of the: current study was to detenriinc whether 



Jujtenim-frttiTi odium i 

5^trlj:rnM);ftf:!i),4i 5 



irnintoril) 

e (control (O); nopi#ri&trflehtyo> wilh LPS.f fOupmL' 1 ) 
i%c. #24 * T^fcdteire.rj^w^nuivc of unic scparaic 



IkS-CI- 



LPS tPSHPSf . LPS LPS* 

— « 6E m. 





,. 5. Ocicmtinftrkiri of preleit" required fur fy-aeetyl-r.-4y.<teSec 
(NAC)-maJiatcd icliv*iion of nuclear factor.«;B binding Ceils were 
preox»ie*'wIft&«tt« 4 , tf and g) ofc>«#f Vi ^ ^ [ t f ;^iA^Si:: iSstl (6.i 
WM) for 90 miti; or c. f, i) cyclohcxiaiidc (1 pe-mL"') ftr 60 mio. The 
ce% were ftejr fjisgjauejl ft sctujrfctfoe Woclhim alone (control (Q; 
no prctreetment) or wrth lipopcry^cdlnWe (LPS; 10 ug'tnL' 1 ). L*S- 
stimulated cells were coincubaied with or without NAC or glutathione 
mpnocihyl ester (GSHMEE) for 24 h. Western blot unalyiis of mstcriine 
vxlroetianrwiis performed for ihe determination 61! i-o) the inhibitory 
protein (IkBsi); mi <fc-f) pSO; and p65 %-!> protein content. 
Autaroaoip^s typtbal oFlhrco intferK^rti-cxtractions ore shown, 



i then^c^larmechaiusms 
I cytokine IC-lj}. Sarum-ffee 



intracellular thiol status affect 
of release of p/to'^mlammattir 

conditions were chosen in order to= avoid any antioxidant 
effect due to the serum. NAC a1orteid^*.noi;mQdi# IM P 
release. However, the prescntfdata show that THP-I cells 
respond to NAG in dose-dependent fashion. At high con- 
centration. (5 and fo mM), NAC enhances ftPS-fisfttecd 



ILrlp release from THP-1 
concentration (1 tnM). " 

ptional level and is 
ofNF-K 



m with no effect at lower 
effect occurred at the 
by activation 





l%«r- ideSlilicStion oC itiicli Sr- fiagNeft <NI?-*B3 jiqfeiarfix 
superjhifl aj^iy. The sdd>tion o antibodies directed againirl poicntMil 
compooenjj Of the Nfif® « Wptex roiullccl tn suptrsntB when 
unlipodics tc. pSO- or p65 *«K u«jd. A nonspecific (NS) blind w»s 
Obiervtdfa the presence of preu imime serum (PS>. Incubation with an 
untihotly directed irjniajt pSO (A git J Tesottcdin h»0 surierSifistftands 
corresponding to |he homo- arid heterodimer. whereas incwhoiton with 
anantib^y/dire^ii^in.wpSS reSMttodin only-one ifflpejihlfted bund 
ci)rrffii|K>nding to Ihe helcrodin er, ftoui are representatives op three 
^laW CTH^ioiw. C: eonlro! LPS+NAC). 
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Previous Studies have shown a corrclautm between tfte 
increase in NF-kB nuclear bmdmg and production of ILr 
IB after LPS stimulation [21-24]. Other studfe* m * 
v^ af ei^^ systernSj have shown that NAC 
effectively suppresses NF-kB activation induce* by 
divcrsc-sttwmiF 26|. In Jtetat cells, for exaniple. it 
has been shown that NAC at htgh ctmecritcsfaon (20-mM) 
inhibits TlSF^inaucwi NF-kB activation, suggesting a 
role for reactive o^gen species (ROS) in flic signalling 
mechanisms of NF-kB activation in these cells pTj. * 
appears, however, that rhfc effect of NAC is dose- 
dependent such that low ^nteiit^ons of NAC protect 
against LPS toxicity by decreasing hydrogen peroxide 
accumulatipn. whereas higher concentrations have the 
opposite effect mi In THP-1 cells, the dose-dependent 
euew o*. NAC on LP&induecd IL-iP showed a threshold 
ber*-ecn J andS 0jM. Ata cahcentiatiOD of 5 rnM, NAC 
enhances LPS-mduced NF-kB binding. This is: in 
accordance with the «Sults of Suzyw et at and 
BasnnaN «/■ a!, [pi who showed that NAC. at similar 
concentrations, did not inhibit the activation of NF-kB 
induced by stfoulation with calyoulin A in Jurkat cells or 
IL-IP in KB and Klu. NOB1 celts. Thus the effect ofNAC 
on NF-KB activation is critically dependent utiftn 
concentration^ cell: type and stimulus. Thts fein agteenwnt. 
with-the fact that the mode pf action of NAC on signalling 
events is unclear. FOx Ofld Leinoang [29] showed that 
tNF^pdticsd NF-kB activation was rrtddiffed by NAC 
through an intermediate event. 

hj order to' test the hypothesis that, the effect of NAC 
might- reqiuine an intermediate event, expexitnents were 
performed using OA, a potent inhibitor ofs^rme/flutbnBic 
phosphatases, and jGfJXi.ao iriblwtor of protein synthesis. 
Phosphorylation is an important element in signal 
transduction for NF-kB [9, TO]; IkB dissraiafion; involves 
its phosphorylationrcontPcHled proteolytic degradation. 
ROSSpplsar U? play a role In regulating IkB phosphoryla- 
tion through activation of the IkB kinase or inmbrtjon of 
phosphatases. However, after 24-h incubation, OA didnot 
modify the effect of NAC on LPS-induccd IL-IB release 
from TOP- 1 cells and no changes- were observed in lKB 
degradation. These results suggest that phosphorylation is 
not an intermediate event in NAC-ioduccd NF-kB 
activation at 24 h and arc consistent with the fact that 
IkB degradation is generally observed at an early time 
point However, the same IL-lp level as that found in 
NAG-surnulaicd cells was reached in THP-1 cells 
cotnsated With OA and GSHMF.E, suggesting a possible 
inhibitory effect of NAC dti the phosphatase. 

By conti*s& although it is clear that protein synthesis is 
not required for LPS-rBediated release of IL-IP; the present 
study Shows, for the first time, that CHX prevents NAC- 
enhanced IL-ip secretion, demonstrating the requirement 
for new protein synthesis in this phenomenon. Mihm a al. 
[30] shoved modulation of the activation of the transcrip- 
tion factor NF-kB by intracellular reduced glutathione 
levels and by variations in extracellular cysteine supply. In 
THF-4 cells, it was found, in the present ^stuoy, t&gf^mM 
NAC enhanced LPS-induced IL-lp release and NF-kB 
DNA4artdlijg. However the authors have also shown that 
NAC inhibits 1L-8 release in THP- 1 cells, cctifinrdng the 
potent antioxidant effect of this drug (unpublished data). 
Supplemfcffcjpjkifl of eells with SSKfaBE; did nofrsupphsss 
the CHX inhibition of we NAC effect* ^ggesting ifcat 



glutathione synthesis is not invqlvedin the NAC activation 
of either IL-lfJ release or NF-kB binding. Furthermore, 
it was demonstrated that NAC increases both p50 and 
p6S. expression and thus this is the probable mechanism 
of increased NF-kB activation. It eo»1n be argued that 
the NF-kB actiVstien is not % afreet effect of NAC but a 
secondary effect tipjjfgH; IMp* IMP itself if a 
strong inducer of NF-kB in monocytic cells [21]. 
However, the present finding of an increase in NF-kB 
binding after only a 4-h incubation with NAC, a Bfnepotht 
at which IL-18. sec*e6ort was sSS vrod^eetajble, argues 
strongly in. fovour of a direct effect of NAC on NFtkB 
acuvation. Indeed, tin's effssct ws also Observed after only 
t h WithNACtdajja nOt'shQwn). This is in accordance witii 
the observation that NAC has* no effect on IL-lp-mduced 
NF-kB acuvation in human v^scufar smooth muscle cells 
[31]. Furtncrroore, Zhakg et #/. [32} showed a difference 
between signals transduced by IMP and LPS at the 
receptor level. Tofl-lifce recilptors (TLRs) 2 and 4 are 
present at the THF-1 cell .raembrane surface and are 
thought to transduce the LPS: signal [32), whereas TL-ip 
bmds to the JL' 1 receptor. Thus NAC could intcrfcic at a 
step between tite TLR and MyD88 (an adaptor myeloid 
; oiffteatiati.tm protein^ which is * emergent point 
between the it" 1 and LPS signalling cascades. The 
resultihg increase in IL-ip! levels may then act. in an 
autocrine loop mechanism, amplifying the effect 

interleukm-lp is often considered to be an important 
pro-inflammatory cytokine, and, in this context, theprcsent 
observation that ,V-aca!yl-L-cyKtci»B enhances imerkukin- 
1P secretion may be interpreted as a potentially detrimental 
effect in patients with ioflammatory diseases. Hovrever, 
this- should be balanced ■■■stgfiasft the known patent anti- 
oxidant, and hence ann-inu^nuaaiorys actions of A'-acctyl- 
i.-eysteuie [27, 33, MJ. Taottier exp^rimefusi for cxample, 
it W W dbjn^stij^ 

jsenhahcod,*einterieukin-« level ts reduced by N-acetyU 
irWMMe (^^'iait ^tyti)* Frnthermore, under .(Spun 
ectiditbes, mterlcukiiHlp itsdf may play an anti-inflam- 
matory role For c*afnplfc:in rat?, air increased leyel pf 
<rj«o^^BTdpcedH;hem9^ 
alent)\wsdetcetedih f—- i; - - " 
elated -with a ncutrophi' 
leaki Under, these cqtidii 
lcukih-1 prcveijted: hihg 
between the poterttia: 
roaiory effects of M 




was asso- 
*«cujic oedematous tang 
, y prctreatment with (flter- 
ih rats [35J. This balance 
ammatory and anti-BiOam- 
.-cysteine may be of direct 
wjth chronic mflammatoiy lung 
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